
THEORETICAL BACKGROUND AND LITERATURE SURVEY
CHAPTER II

2.1 Theoretical Background

2 .1 .1  C h itin  an d  Its D e riv a tiv e s
2.1.1.1 Chitin

C h itin  is th e  seco n d  m o st p re v a le n t n a tu ra l b io p o ly m e r (afte r 
c e llu lo se ) w h ic h  is o b ta in e d  from  en tire ly  re n e w a b le  n a tu ra l raw  m a te ria ls . It fo rm s 
a p a rt o f  su p p o r tin g  tissu e s  an d  e x o sk e le to n s  o f  th e  a r th ro p a d a  (C rustacea, a rachn ida), 
in sec ts , ce ll w a ll o f  m ic ro o rg a n ism s , so m e fungi and  w a te r-p la n ts  w h e re  ch itin  is in 
c o m p lex  w ith  a lb u m e n s  an d  m in e ra l sa lts. C h itin  is a  p o ly [P -( l-4 )-2 -a c e ta m id o -2 -  
d eo x y -Z )-g lu co p y ran o se ] an d  its id ea lized  s tru c tu re  is sh o w n  in F ig u re  2 .1 , from  
w h ic h  it c a n  b e  se e n  th a t it is s tru c tu ra lly  s im ila r  to  c e llu lo se  ex cep t th a t C (2)- 
h y d ro x y l g ro u p  o f  c e llu lo se  is rep laced  b y  a c e tam id o  g ro u p  (M u z z a ra lli ,  1977). T hat 
s im ila r ity  in  s tru c tu re  is re f le c ted  in  th e  s im ila r  ro le s  p la y e d  b y  th e  tw o  p o ly m ers  in  
n a tu re , b o th  a c tin g  as s tru c tu ra l an d  d e fen s iv e  m a te ria ls .

Chitin

Figure 2.1 C h e m ic a l s tru c tu re s  o f  c e llu lo se , c h itin  an d  ch ito san .
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C h itin  an d  its  d e riv a tiv e s  h av e  m a n y  p ro p e rtie s  th a t m ak e  them  
a ttra c tiv e  fo r a  w id e  v a rie ty  o f  ap p lica tio n s , fro m  fo o d , n u tr itio n  an d  co sm etic s  to  
b io m e d ic in e , a g r ic u ltu re  an d  th e  en v iro n m en t. T h e ir  an tib a c te r ia l, an ti-fu n g a l and 
an ti-v ira l p ro p e rtie s  m ak e  th em  p a rtic u la rly  u se fu l fo r b io m e d ic a l ap p lica tio n s , such  
as w o u n d  d re ss in g s , su rg ica l su tu res  an d  as a id s in  c a ta rac t su rg e ry  an d  p e riodon ta l 
d ise a se  tre a tm en t.

2 . 1 . 1 . 2  C h i t o s a n

D e a c e ty la tio n  o f  ch itin  b y  s tro n g  a lka li re a d ily  affords 
ch ito san , p o ly [P -( l-4 )-2 -a m in o -2 -d e o x y -D -g lu c o p y ra n o se ] , H o w e v e r, th e  m o lecu la r 
s tru c tu re  o f  c h ito sa n  is b e liev ed  to  b e  a  c o p o ly m e r o f  jV -ace ty l-g lu co sam in e  and 
g lu c o sa m in e , u su a lly  th e  g lu co sam in e  co n ten t is m o re  th an  90% . T h is  p o ly m er is 
k n o w n  to  b e  n o n to x ic , o d o rle ss , b io co m p a tib le  in  an im a l tis su e s , and  en zy m atica lly  
b io d e g ra d a b le . M u c h  in te res t h as  b een  p a id  to  its b io m e d ic a l, eco lo g ica l, and 
in d u s tr ia l ap p lic a tio n s . B ecau se  ch ito sa n  h as  an  am in o  g ro u p  in  th e  re p e a tin g  unit, it 
is so lu b le  in  a q u e o u s  ac id ic  m ed ia . It h as  re c e n tly  b e e n  u se d  in  b io m e d ic a l and 
p h a rm a c e u tic a l f ie ld s  b e c a u se  o f  its  fav o rab le  p ro p e rtie s  o f  b io d e g ra d a b ility , low  
to x ic ity , an d  g o o d  b io c o m p a tib ility  (K u m ar, 2000).

2 . 1 . 1 . 3  O r g a n i c  S o l v e n t  S o l u b l e  C h i t o s a n

C h ito san  has rece iv ed  m u c h  in te re s t in  b io m ed ica l 
ap p lic a tio n s , h o w e v e r , its r ig id  c ry s ta llin e  s tru c tu re , p o o r  so lu b ility  in  organic 
so lv en ts  an d  p o o r  p ro c e ssa b ility  h av e  lim ited  it to  b e  u tiliz e d  w id e ly . In  o rd er to 
re so lv e  th e se  p ro b le m s , ch em ica l m o d if ic a tio n  o f  c h ito sa n , in  p articu lar, 
/ /-a lk y la tio n , / / - a c y la t io n  and  O -acy la tio n  has b e e n  s tu d ied . R e p o rte d ly , in  acyl 
m o d if ic a tio n  c h ito sa n  reac ted  w ith  lo n g -ch a in  ac.yl c h lo r id e  fo r im p ro v in g  the 
o rg an ic  so lu b ility  (N ish im u ra  e t  a l ,  1991). T h e  acy la te d  c h ito sa n s  ex h ib ited  an 
e x c e lle n t so lu b ility  in  o rg an ic  so lv en ts  su ch  as c h lo ro fo rm , b e n z e n e , p y rid in e  and 
te tra h y d ro fu ra n  an d  tra n sp a re n t film s w e re  o b ta in e d  fro m  th e se  so lu tio n s  (Z o n g  e t  

a l ,  2 0 0 0 ).
2 .1 .2  P o ly la c tid e

P o ly lac tid e , P L A , b io d e g ra d a b le  a lip h a tic  p o ly e s te rs , p ro d u c e d  so le ly  
from  re n e w a b le  re so u rc e s  m a y  su b s titu te  p e tro c h e m ic a lly  b a se d  on  p o ly m e rs  in a 
b ro ad  ra n g e  o f  a p p lic a tio n s  in  th e  n e a r  fu tu re  (Ja c o b se n  e t  a l ,  2 0 0 0 ). P L A  is hard ly
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p e rm e a b le  to  m o s t d ru g s  an d  its  h a lf- life  tim e  is m u c h  sh o rte r: a  few  w e e k s  in  vivo. 
It is o f  p a r t ic u la r  in te re s t as  a  b io c o m p a tib le  m a te r ia l s in c e  it is m e ta b o liz e d  to  n on ­
to x ic  co m p o u n d . P L A  is  o n e  o f  th e  p o ly m ers  w id e ly  a c c e p ted  fo r fu tu re  pack ag in g  
m ate ria l. T h is  is m a in ly  d u e  to  th e  g o o d  m e c h a n ic a l p ro p e rtie s  o f  P L A . M oreover, 
P L A  is p ro d u c e d  fro m  lac tic  ac id , w h ich  can  b e  p re p a re d  b y  fe rm e n ta tio n  from  
n e a rly  a n y  re n e w a b le  re so u rc e s  su ch  as s ta rch , m o la sse s , w h e y  an d  su g ar. L actide  is 
th e  cy c lic  d im e r  o f  la c tic  ac id  th a t ex is ts  as tw o  o p tic a l iso m ers , D  an d  L. L -lactide 
is th e  n a tu ra lly  o c c u rr in g  iso m er, and  D ,L -la c tid e  is th e  sy n th e tic  m ix tu re  o f  
L -lac tid e  an d  D -la c tid e . P L A  is found  in  tw o  fo rm s: s e m ic ry s ta llin e  P L -L A  and 
am o rp h o u s  P D ,L -L A .

T h e  h o m o p o ly m e r o f  L -lac tid e  is se m ic ry s ta llin e  p o ly m er. T h is  type 
o f  m a te ria ls  e x h ib its  h ig h  s tren g th  and  low  e lo n g a tio n , an d  c o n se q u e n tly  h as  a high 
m o d u lu s  th a t m a k e s  th em  m o re  su itab le  fo r lo a d -b e a r in g  a p p lic a tio n s . H igh 
m o le c u la r  w e ig h t P L -L A  is o f  in te res t as a  b io d e g ra d a b le  th e rm o p la s tic  and  fiber 
fo rm in g  m a te r ia l. M e d ic a l su tu re  b a sed  o n  P L -L A  are  c o m m e rc ia lly  availab le  
(K r ic h e ld o r f  an d  L ee , 1995). P L -L A  is ab o u t 37  %  c ry s ta llin e , w ith  a m e ltin g  point 
o f  175-178°c an d  a  g la ss - tra n s itio n  tem p e ra tu re  o f  6 0 -6 5 °C . T h e  d e g ra d a tio n  tim e o f  
P L -L A  is m u c h  s lo w e r th a n  tha t o f  P D ,L -L A , re q u ir in g  m o re  th a n  2 y ea rs  to  be 
c o m p le te ly  a b so rb e d . C o p o ly m e rs  o f  L -L A  an d  D ,L -L A  h a v e  b e e n  p rep a red  to 
d is ru p t th e  c ry s ta ll in ity  o f  L -L A  and  a cce le ra te  th e  d e g ra d a tio n  p ro cess . T o  m eet 
v a rio u s  m e c h a n ic a l an d  d e g ra d a tio n  re q u ire m e n ts , P L A  m u s t e x h ib it a broad 
sp ec tru m  o f  p h y s ic a l p ro p e rtie s  w h ile  re ta in  th e  d e g ra d a b ility  o f  p a re n t p o ly m er.

T h e re  a re  sev e ra l ap p ro ach es  fo r im p ro v in g  th e  p ro p e r tie s  o f  PLA , 
in c lu d in g  b le ,nd in g  an d  c o p o ly m e riz a tio n  o f  P L A . F o r  e x a m p le , th e  c o p o ly m er o f  
P L A  w ith  p o ly (g ly c o lic  ac id ) h as  b e e n  p ro d u c e d  to  c o n tro l th e  d e g ra d a tio n  rate  
th ro u g h  c o m p o s itio n a l m o d ific a tio n . In re c e n t y ea rs , th e re  h a s  b e e n  a g row ing  
in te re s t in  b le n d in g  P L A  w ith  o th e r p o ly m ers  b e c a u se  b le n d in g  is  re la tiv e ly  sim ple 
and  m o re  c o s t-e f fe c tiv e  in  co m p a riso n  w ith  c o p o ly m e r  sy n th e s is . T h ro u g h  the 
o p p o rtu n e  c h o ic e  an d  c o m p o s itio n  o f  th e  se c o n d  p o ly m e r, a  ta ilo r-m a d e  p o lym er 
w ith  sp ec if ic  p ro p e r tie s  can  b e  o b ta in ed . S ev e ra l b le n d in g  sy s te m s  o f  P L A  have 
b een  in v e s tig a te d  p re v io u s ly , su ch  as p o ly (L - la c tid e )(P L L A )/p o ly (e th y le n e  oxide) 
(N ak a fu k u , 1996), P L L A /p o ly (v in y l a lco h o l) (S h u a i e t  a l ,  2 0 0 1 ) , P L L A /p o ly (p -
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v in y lp h e n o l)  (Z h a n g  e t  a l ,  1998), P L L A /p o ly (e -h y d ro y b u ty ra te )  (Z h a n g  e t  a l ,  

1996), an d  P L L A /p o ly (e th y le n e  g ly co l) (Y a n g  e t  a l ,  1997).
2 .1 .3  S o lu tio n  P ro p e rtie s  o f  P o ly m ers

T h e  so lu tio n  p ro p e rtie s  o f  p o ly m e rs  h a v e  b e e n  s tu d ie d  fo r m a n y  years. 
E a rly  in v e s tig a tio n s  w e re  b a se d  o n  v isco m e tric , o sm o m e tr ic , se d im e n ta tio n , and ligh t 
sc a tte rin g  in te n s ity  m e a su re m e n ts .

2 . 1 . 3 . 1  I n t r i n s i c  v i s c o s i t y

In tr in s ic  v isc o s ity  m e a su re m e n ts  a re  c a rr ie d  o u t in  d ilu te 
so lu tio n  to  o b ta in  th e  v isc o s ity -a v e ra g e  m o le c u la r  w e ig h t. C o n s id e r  su ch  a d ilu te 
so lu tio n  f lo w in g  d o w n  a  c a p illa ry  tube . T h e  flo w  ra te , and  h e n c e  th e  sh e a r  rate, is 
d iffe re n t d e p e n d in g  o n  th e  d is tan ce  fro m  th e  ed g e  o f  th e  cap illa ry . T h e  po lym er 
m o lecu le , a lth o u g h  sm all, is o f  fin ite  s ize  an d  ‘s e e s ’ a d iffe re n t sh e a r  ra te  in  d ifferent 
p a rts  o f  its  co il. T h is  c h a n g e  in  sh ea r ra te  re su lts  in  an  in c rea se  in  th e  fric tio n a l drag  
an d  ro ta tio n a l fo rc e s  o n  th e  m o lecu le , y ie ld ed  th e  m e c h a n ism  o f  v isc o s ity  increased  
b y  th e  p o ly m e r  so lu tio n .

S ev era l te rm s  n eed  d e fin in g . T h e  so lv e n t v isc o s ity  is ฤ 0, 
u su a lly  e x p re sse d  in  p o ise s . T h e  v isc o s ity  o f  th e  p o ly m e r  so lu tio n  is r \ .  T h e  relative 
v isc o s ity  is th e  ra tio  o f  th e  tw o:

ๆ rel =  ๆ / ๆ  0- ( 2 .1 )
O f  c o u rse , th e  re la tiv e  v isc o s ity  is a  q u a n tity  la rg e r th an  unity. 

T h e  sp e c if ic  v is c o s ity  is th e  re la tiv e  v isc o s ity  m in u s  one:
tlsp — tpei -■ T (2-2)

U su a lly  r|sp is a  q u a n tity  b e tw e e n  0 .2  an d  0 .6  fo r the  b est 
re su lts . T h e  sp e c if ic  v isc o s ity  d iv id e d  b y  th e  c o n c e n tra tio n  (C ) an d  ex trap o la ted  to - 
ze ro  c o n c e n tra tio n , y ie ld s  th e  in tr in s ic  v isco sity :

[l'Isp /  C] c=0 =  [p ] (2-3)
F o r  d ilu te  so lu tio n , w h e re  th e  re la tiv e  v isc o s ity  is ju s t  over 

u n ity , th e  fo llo w in g  a lg e b ra ic  ex p a n s io n  is u se fu l:
In ๆ rel =  ln (ๆsp +  1) 5  r |Sp -  ( r |2Sp /  2) +  . . .  (2 .4)

T h en , d iv id in g  In pre| b y  c  an d  e x tra p o la tin g  to zero  
c o n c e n tra tio n  a lso  y ie ld s  th e  in tr in s ic  v isco sity :



9

[In (ๆท;!) /  c] c= 0 =  [ๆ ] (2-5)
T h e  in tr in s ic  v isc o s ity  [ๆ] is a  q u a n tity  c h a ra c te r is tic  o f  a 

p o ly m er. It re p re se n ts  an  in c rea se  in  th e  so lu tio n  v isc o s ity  w h e n  th e  co n cen tra tio n  is 
ra ised  to  a  c e r ta in  lev e l. A  p o ly m e r m o lecu le  w ith  a  g ra te r  d im e n s io n  h a s  a  larger 
[ๆ]. E x p e rim e n ta lly , it is e x p re ssed  b y  M ark -H o u w in k  e q u a tio n  (T e ra o k a , 2002):

[ๆ] =  K M va (2.6)
w h e re  “ K ” is  a  c o n s ta n t o f  th e  u n it o f  L /g  an d  “ a” is c a lle d  a  M ark -H o u w in k  
ex p o n en t. N o te  th a t “K ” an d  “ a” a re  d iffe ren t fro m  p o ly m e r  to  p o ly m e r  and  can  
d e p e n d  on  th e  so lv e n t an d  te m p e ra tu re  as w ell.

2 . 1 . 3 . 2  D y n a m i c  L i g h t  S c a t t e r i n g  ( D L S )

D y n am ic  L ig h t S ca tte rin g , a lso  k n o w n  as P h o to n  C orre la tion  
S p ec tro sco p y , is a  u se fu l m ean s  o f  d e te rm in in g  a p a r tic le 's  size . S h in n in g  a 
m o n o c h ro m a tic  lig h t so u rce  o n to  p a rtic le s  in  B ro w n ian  m o tio n  cau se s  a D oppler 
S h ift to  o ccu r. T h is  ch an g es  th e  w a v e le n g th  o f  th e  in c o m in g  ligh t. T h is  ch ange  is 
re la te d  to  th e  s iz e  o f  th e  p a rtic le . B y  m e a su rin g  th e  d if fu s io n  c o e ff ic ie n t o f  the  
p a rtic le  an d  u s in g  th e  a u to c o rre la tio n  fu n c tio n  (a  d e c a y in g  e x p o n e n tia l)  th e  sphere 
s ize  d is tr ib u tio n  (S S D ) can  be d e te rm in ed  as w e ll as a d e sc r ip tio n  o f  th e  partic le 's  
m o tio n  in  th e  m e d iu m .

In  d y n am ic  lig h t sca tte rin g  e x p e rim e n ts  a  n o rm a liz e d  tim e 
a u to c o rre la tio n  fu n c tio n  g2(x ,q) o f  th e  sca tte red  in te n s ity  w as m e a su re d  (B e m e  and 
P eco ra , 1976):

g 2 ( T , q )  =
(/*(0, <7)/(r , q ) )

( i  ( 0 ,๙ )
(2.7)

w h e re  l(r,0) is th e  sc a tte r in g  in te n s ity  at a  c e rta in  d e la y  tim e  fro m  a  re fe re n c e  tim e t 
-  0. In  d ilu te  so lu tio n s  g2(T,0) can  b e  e x p re ssed  in  te rm s o f  th e  n o rm a liz e d  field 
c o rre la tio n  fu n c tio n  gi(r,q) u s in g  th e  S ieg e rt re la tio n sh ip

g2(r.q) = \+p\ gi(t,<7) I 2 (2.8)
w h e re  th e  c o e f f ic ie n t p  < 1 is th e  c o h e ren ce  facto r. F o r  sh o rt d e la y  tim es  gi(r,q) is 
w e ll a p p ro x im a te d  b y  a  s in g le -e x p o n e n tia l decay :

g i M  ~ exp(-r(q)T) if r(q)x < 1 (2.9)
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T h is  d e c a y  ra te  T (q) is re la te d  to  an  a p p a re n t m u tu a l d iffusion  
co e ff ic ien t as (B e rn e  an d  P eco ra , 1976; Z im m , 1948)

Hq) =  q 2D app( q , c )  (2.10)
w h e re

D app( c , q )  =  D cm ( l  +  C R g 2q 2 -  . . . )  (2.11)
D cm is th e  d iffu s io n  c o e ff ic ien t o f  th e  p a r t ic le ’s cen ter o f  

m ass, w h e re  th e  su b sc r ip t in d ica te s  th e  z -a v e rag e  o v e r  th e  m o la r  m a ss  d istribu tion  
an d  q  i s  th e  w a v e v e c to r  d e fin ed  b y  q  -  ( 4 7 i / X ) n 0s i n ( 6 / 2 )  w ith  n 0 th e  re fra c tiv e  index, 
6  th e  sc a tte r in g  an g le , an d  X  th e  w av e le n g th  o f  in c id e n t lig h t. D cm dep en d s on  
c o n c e n tra tio n  an d  is w e ll rep re se n te d  b y  a lin ea r re la tio n :

D c m =  D cm ( l + k DC p) (2.12)
w h e re  k D  is th e  f irs t-o rd e r  co n cen tra tio n  co e ff ic ien t w h ic h  d e p e n d s  o n  th e  second 
v iria l c o e ff ic ien t, A 2, an d  th e  h y d ro d y n a m ic  fr ic tio n  c o e ff ic ien t, Q ,  g iven  by  
(T e ra o k a , 2 0 0 2 )

k D  =  2 A M  - Ç i -  Vsp (2.12)
w h e re  M  is m o le c u la r  w e ig h t o f  p o ly m er., and  v sp i s  th e  re c ip ro c a l o f  th e  d ensity  o f  
th e  p o ly m er.

T h e  ra tio  r(q)/q =  D app( c , q )  is a n g u la r  d e p e n d e n t and  thus an 
a p p a ren t d if fu s io n  c o e ff ic ien t w h ic h  is v a lid  fo r sm a ll พ  <  2 .  T h is  angular 
d e p e n d e n c e  re su lts  fro m  seg m en ta l m o tio n s  an d  p o ly d isp e rs ity .

T h e  d o u b le  ex tra p o la tio n  o f  D ap p( c , q ') in  th e  lim its  o f  c = 0  and 
q = 0  c a n  b e  a lte rn a tiv e ly  d o n e  in  a  d y n am ic  Z im m  p lo t, g iv in g  th e  d iffusion  
c o e ff ic ie n t a t in f in ite  d ilu tio n , D c , fro m  w h ic h  th e  h y d ro d y n a m ic  rad iu s , R H , can be 
o b ta in e d  fro m  th e  S to k e s -E in s te in  re la tio n sh ip

w h e re  77 is th e  so lv e n t v isc o s ity  and  k B T  is th e  B o ltz m a n n  
ab so lu te  te m p e ra tu re .

2 .1 .4  P o ly m e r  B len d

(2.13)

c o n s ta n t m u ltip lie d  b y  th e

B le n d in g  is an  e sp e c ia lly  im p o rta n t p ro c e s s  fo r d e v e lo p in g  industrial 
a p p lic a tio n s  o f  p o ly m e ric  m a te ria ls  an d  c o m p a tib il i ty  a m o n g  c o m p o n e n ts  has a
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m a rk e d  in f lu e n c e  o n  th e  p h y s ic a l p ro p e rtie s  o f  p o ly m e r  b le n d s  (F o lk e s  an d  H ope, 
1985). T h ro u g h  a  su ita b le  c h o ic e  o f  a  p a ir  o f  p o ly m e rs , p o ly m e r  b le n d s  c a n  often  b e  
ta ilo r-m a d e  to  h a v e  sp ec if ic  and  d e s ira b le  p ro p e rtie s .

In a c c o rd a n ce  w ith  th e  th e o ry  o f  F lo ry -H u g g in s  (F lo ry , 1953), the  
m isc ib ility  an d  c o m p a tib il i ty  o f  tw o  p o ly m e rs  d e p e n d  e s se n tia lly  in  th e ir  ab ility  to 
fro m  sp e c if ic  in te ra c tio n s  b e tw e e n  th em , w h ic h  c o n tr ib u te s  to  d im in ish  o r  m ake 
n e g a tiv e  th e  m ix in g  e n th a lp y  (A H m). F o r ex am p le , th e  fo rm a tio n  o f  h y d ro g e n  bonds 
b e tw e e n  tw o  d if fe re n t m a c ro m o le c u le s  co m p e te s  w ith  th e  fo rm a tio n  o f  hydrogen  
b o n d s  b e tw e e n  m o le c u le s  o f  th e  sam e  p o ly m er. T h e  la tte r  d o e s  n o t c o n tr ib u te  to the 
A H m . T h en , it is e x p e c te d  th a t th e  in te n s ity  o f  th e  h y d ro g e n  b o n d in g  an d  th e  steric 
e ffec t w o u ld  b e  th e  d e te rm in a n ts  fo r the  c o m p a tib ility  an d  m isc ib ility  o f  the tw o 
p o ly m e rs

In g en e ra l, p o ly m e rs  are  im m isc ib le  w ith  each  o th e r in  th e  absence  o f  
sp ec ific  in te ra c tio n s . T h e  m isc ib ility  o f  a  p o ly m e r  b le n d  is c o m m o n ly  a sce rta in ed  b y  
m e a su re m e n t o f  its  g la ss  tra n s itio n  te m p e ra tu re  ( T g ). A  m isc ib le  p o ly m e r  b lend 
sh o w s a c o m p o s itio n -d e p e n d e n t T g , w h ile  an  im m isc ib le  b le n d  sh o w s tw o  Tg’s 
c o rre sp o n d in g  to  th o se  o f  th e  co m p o n e n t p o ly m e rs . F o r a p p lic a tio n s  w here 
m e c h a n ic a l in te g r ity  is req u ired , m isc ib le  s in g le -p h a se  p o ly m e r  b le n d s  a re  desirab le . 
F o r so m e  a p p lic a tio n s  su ch  as to u g h e n in g  o f  p la s tic s , tw o -p h a se  im m isc ib le  b lends 
are  req u ired .

2 .1 .5  E le c tro sp in n in g  o f  P o ly m ers
U n lik e  c o n v e n tio n a l f ib e r sp in n in g  te c h n iq u e s  (w e t sp in n in g , d ry  

sp in n in g , m e ltin g  sp in n in g , and  gel sp in n in g ) w h ic h  a re  c a p a b le  o f  p ro d u c in g  
p o ly p ie r  fib e rs  w ith  d ia m e te rs  d o w n  to  th e  m ic ro m e te r  ra n g e , e le c tro s ta tic  sp inn ing , 
o r  “ e le c tro sp in in g ” is a  p ro c e ss  c ap ab le  o f  p ro d u c in g  p o ly m e r  fib e rs  in  th e  
n a n o m e te r  d ia m e te r  ran g e . E le c tro sp in n in g  is a  n o v e l an d  e ff ic ie n t fab rica tion  
p ro cess  th a t c a n  b e  u tiliz e d  to  a ssem b le  fib ro u s  p o ly m e r  m a ts  c o m p o se d  o f  fiber 
d ia m e te rs  ra n g in g  fro m  sev e ra l m ic ro s  d o w n  to  fib e rs  w ith  d ia m e te r  lo w e r th an  100 
nm . S m a ll f ib e r  d ia m e te rs  an d  p o ro u s  s tru c tu re s  o f  th e  n o n w o v e n  m a t o f  th e  
e le c tro sp u n  fib e rs  g iv e  rise  to  th e  la rg e  sp ec if ic  su rfa c e  a re a  (D e itz e l e t  a i ,  2001). 
T h is  is a d v a n ta g e o u s  in  a  w id e  v a r ie ty  o f  a p p lic a tio n s , su c h  as  h ig h -p e rfo rm an ce



12

f ilters  (D o s h i an d  R e n e k e r , 1 9 9 5 ), s c a f fo ld s  in  t is s u e  e n g in e e r in g  (B u c h k o  et al,
1 9 9 9 )  , se p a r a tio n  m e m b r a n e s , re in fo r c e m e n t in  c o m p o s ite  m a te r ia ls  ( B e r g s h o e f  and  
V a n c s o , 1 9 9 9 ) , te m p la te s  for  p rep ara tion  o f  fu n c t io n a l n a n o tu b e s  (B o g n itz k i el al.,
2000 )  , and  m a n y  o th ers .

In th e  e le c tr o sp in n in g  p r o c e ss  a s tro n g  e le c tr o s ta t ic  f ie ld  is  ap p lied  to a 
p o ly m e r  s o lu t io n  h e ld  in  a sy r in g e  w ith  a c a p illa r y  o u tle t  is  d e fo r m e d  in to  a T aylor  
c o n e  (T a y lo r , 1 9 6 9 ) ,  o r  m o r e  p r e c ise ly , a h y p e r b o lic  c o n e  (Y a r in  et a l ,  2 0 0 1 ) ,  b y  the  
e le c tr o s ta t ic  f ie ld . W h e n  th e  v o lta g e  su rp a sses  a th r e sh o ld  v a lu e , th e  e le c tr ic  forces  
o v e r c o m e  th e  su r fa c e  te n s io n  o n  th e d rop let, and  a ch a r g e d  j e t  o f  th e  so lu tio n  is  
e je c te d  from  th e  tip  o f  th e  T a y lo r  c o n e . A s  th e  j e t  m o v e s  to w a rd  a c o l le c t in g  m etal 
sc r e e n  that a c ts  as a c o u n te r e le c tr o d e , it is  sp lit  in to  sm a ll ch a rg ed  fib ers  or fibrils  
(R e n e k e r  et a l ,  2 0 0 0 ) ,  and  th e so lv e n t  ev a p o ra tes . T h u s, a n o n w o v e n  fab ric m at is 
fo rm ed  o n  th e  scre e n .

Figure 2.2 S c h e m a t ic  o f  th e  e le c tr o sp in n in g  p r o c e ss .

T h e  f o l lo w in g  p aram eters and p r o c e s s in g  v a r ia b le s  a ffe c t  the  
e le c tr o sp in n in g  p r o c e ss :  ( i)  S y s te m  p aram eters su c h  as m o le c u la r  w e ig h t , m o lecu la r -  
w e ig h t  d istr ib u tio n  an d  a rch itectu re  (b ra n ch ed , lin ea r  e tc .)  o f  th e  p o ly m e r  and  
so lu t io n  p r o p e r tie s  (v is c o s ity ,  c o n d u c tiv ity  and  su r fa c e  te n s io n ) , an d  ( i i )  P rocess  
p a ra m eters  su c h  as e le c tr ic  p o te n tia l, f lo w  rate an d  c o n c e n tr a t io n , d is ta n c e  b e tw een  
th e  c a p illa r y  an d  c o l le c t io n  screen , a m b ien t p a ra m eters  (tem p era tu re , h u m id ity  an air
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v e lo c i ty  in  th e  ch a m b e r ) an d  f in a lly  m o t io n  o f  target sc r e e n  (F ren o t, and  C h ronakis, 
2 0 0 3 ) .  F o r  in s ta n c e , th e  p o ly m e r  so lu t io n  m u st h a v e  a c o n c e n tr a t io n  h ig h  en o u g h  to  
c a u se  p o ly m e r  e n ta n g le m e n ts  y e t n ot so  h ig h  that th e  v i s c o s it y  p r e v e n ts  p o lym er  
m o tio n  in d u c e d  b y  th e  e le c tr ic  f ie ld . T h e  so lu t io n  m u st a lso  h a v e  a su r fa ce  ten sion  
lo w  e n o u g h , a c h a r g e  d e n s ity  h ig h  e n o u g h , and a v i s c o s it y  h ig h  e n o u g h  to  prevent 
th e  j e t  fro m  c o l la p s in g  in to  d rop le ts  b e fo r e  th e  s o lv e n t  h as evap orated . 
M o r p h o lo g ic a l c h a n g e s  c a n  o c c u r  u p on  d e c r e a s in g  th e  d is ta n c e  b e tw e e n  th e syrin ge  
n e e d le  and  th e  su b stra te . In crea sin g  th e  d is ta n c e  or d e c r e a s in g  th e  e le c tr ic a l fie ld  
d e c r e a se s  th e  b ea d  d e n s ity , reg a rd le ss  o f  th e  c o n c e n tr a tio n  o f  th e  p o ly m e r  in the  
so lu t io n . A p p lie d  f ile d  can , m o reo v er , in f lu e n c e  th e  m o r p h o lo g y  in  p e r io d ic  w a ys, 
c rea tin g  a v a r ie ty  o f  n e w  sh a p e s  o n  the su rfa ce .

2 .2  L i t e r a t u r e  S u r v e y

2 .2 .1  O rg a n ic  S o lv e n t-S o lu b le  C h ito sa n
E ff ic ie n t  p r o ced u res  for  th e  p rep ara tio n s o f  o r g a n ic  s o lv e n t-so lu b le  

c h ito sa n  d e r iv a t iv e s  h a v e  b e e n  e s ta b lish e d  o n  th e  b a s ic  o f  c h e m ic a l m o d ific a tio n s . 
S o lu b i lity  o f  c h ito sa n  d e r iv a t iv e s  in  o rg a n ic  s o lv e n ts  is  an e s se n tia l req u irem en t for  
e f fe c t in g  f in e  m o le c u la r  d e s ig n  le a d in g  to  n o v e l  ty p e s  o f  fu n c tio n a l m a ter ia ls . T he  
r e m o v a l o f  th e  tw o  h y d r o g e n  a to m s o f  a m in o  g ro u p s  o f  c h ito sa n  and  in trod u ction  o f  
s o m e  h y d r o p h o b ic  n atu re b y  c h e m ic a l m o d if ic a t io n  w e r e  c h a n g e d  c h ito s a n ’s inherent  
c r y s ta llin e  stru ctu re and p o la r ity . T h ere  are s e v e r a l r e se a r c h e s  that h a v e  b een  
e m p h a s iz e d  o n  c h e m ic a l m o d if ic a t io n  o f  th e  stru ctu re o f  c h ito sa n .

N ish im u r a  et al. (1 9 9 1 )  p rep ared  A -p h a th a lo y l c h ito sa n  b y  th e  reaction  
o f  c h ito sa n  w ith  p h th a lic  an h yd rid e  m  A ^ A -d im e th y lfo r m a m id e  (D M F ) at 130°c. 
T h e  m o d if ie d  c h ito sa n  o b ta in ed  e x h ib ite d  m u c h  im p r o v e d  s o lu b i lity  in  co m m o n  
o r g a n ic  s o lv e n t  su c h  as D M F , N, A -d im e th y la c e ta m id e , d im e th y l s u lfo x id e , and  
p y r id in e .

Y a lp a n i and  H a ll (1 9 8 8 )  in d ica ted  that th e  a tta ch m en t o f  carb oh yd rate  
to th e  2 -a m in o  fu n c t io n s  o f  c h ito sa n  tran sfo rm s lin e a r  p o ly m e r  in to  b ran ch ed -ch a in  
p o ly m e r s , w h ic h  w e r e  s o lu b le  in  b o th  a q u eo u s  an d  o r g a n ic  s o lv e n ts . T h is  c o n v ers io n  
can  b e  a c h ie v e d  b y  r e d u c tiv e  a lk y la tio n  u s in g  so d iu m  c y a n o b o r o h y d r id e  and any
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a ld e h y d e  or  k e to  su g a r , b y  S h ift  b a se  fo rm a tio n , or  b y  a m id a tio n  r e a c tio n s  using  
c a r b o x y lic  a c id  o r  la c to n e  d e r iv a tiv e s . T h e se  p ro c e d u r e s  fa c il ita te  th e  ch itosan  
e x h ib ite d  a n u m b er  o f  u se fu l and u n c o m m o n  p ro p er tie s  in  term s o f  th e ir  so lu tion  
ch a ra c ter is tic s .

A  s im p le  and  im p r o v e d  m e th o d  o f  p rep a r in g  h ig h ly  s o lu b le  ch itosan  
( h a lf  A -a c e ty la te d  c h ito sa n )  w a s  d e v e lo p e d  u s in g  a c h ito sa n  s a m p le s  o f  lo w  
m o le c u la r  w e ig h t , and  th e  s o lu b ility  o f  th e  h a lf  iV -a cety la ted  c h ito sa n  in  w a ter  and  
o rg a n ic  s o lv e n ts  w a s  in v e s t ig a te d . T o  red u ce  th e  m o le c u la r  w e ig h t , c h ito sa n  w a s  
treated  w ith  N a B C >3 u n d er  th e  c o n d it io n  that c h ito sa n  w a s  h o m o g e n e o u s ly  d isso lv ed  
in  a q u e o u s  a c e t ic  a c id . C h ito sa n  w a s  A -a c e ty la te d  w ith  a c e t ic  a n h y d r id e  under the  
c o n d it io n  that c h ito sa n  w a s  h o m o g e n e o u s ly  d is s o lv e d  in  a q u e o u s  a c e t ic  a c id  again. 
T h e r esu lts  in d ic a te d  that h a l f  TV-acetylated c h ito sa n  had  in c r e a se d  w a ter  so lu b ility  
w ith  d e c r e a s in g  m o le c u la r  w e ig h t  and g o o d  s o lu b ility  in  a q u e o u s  d im e th y la c e ta m id e  
and d im e th y ls u lfo x id e  (K u b o ta  et al., 2 0 0 0 ) .

/ / - a c y l  c h ito sa n  had  h ig h  s u s c e p tib ility  to  ly s o z y m e  and  sh ow ed  
m o re  b lo o d  c o m p a tib le  p rop erties  than / / - a c e t y l  c h ito sa n , in  p articu la r , // -h e x a n o y l  
c h ito sa n  w a s  th e  m o s t  b lo o d  c o m p a tib le  (L e e  et a l . , 1 9 9 5 ). N o v e l  // -a c y lc h ito sa n  
f ib ers w e r e  o b ta in e d  b y  treatm en t th e  fila m e n t su r fa c e  o f  c h ito sa n  fib er  w ith  a series  
o f  c a r b o x y lic  a n h y d r id e s  in  m eth a n o l at ro o m  tem p era tu re . T h e ir  f ila m e n t ten acity  
and e lo n g a t io n  v a lu e s  w e r e  litt le  in f lu e n c e d  b y  th e  / / -a c y la t io n  (H ira n o  et a l., 1998).

Z o n g  et al. ( 2 0 0 0 )  sy n th e s iz e d  th ree  k in d s  o f  a c y la te d  c h ito sa n s  b y  
r ea c tin g  c h ito sa n  w ith  h e x a n o y l, d e c a n o y l and la u ro y l c h lo r id e s . In co n tra st to the 
c h ito sa n , a ll o f  a c y la te d  c h ito sa n s  sh o w e d  e x c e lle n t  s o lu b i l ity  in  c o m m o n  organic  
s o lv e n ts  ( ta b le  2 . 1) su c h  as h a lo g e n a te d  h y d ro ca rb o n s an d  a ro m a tic  s o lv e n ts , but 
p o o r  s o lu b i l ity  in  p o la r  s o lv e n ts . T h in  transparent f i lm s  c o u ld  b e  o b ta in e d  b y  castin g  
th eir  s o lu t io n s  in  c h lo r o fo r m . T h e  w h ite  c h ito sa n  f ilm  is  r ig id  an d  to u g h ; th e  film s o f  
th e  a c y la te d  c h ito s a n s  are so fte r  and  b e c o m e  e v e n  m o re  s t ic k y  an d  e la s t ic  at room  
tem p era tu re  w ith  in c r e a s in g  c h a in  len g th  o f  th e  a c y l su b stitu en ts .
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Table 2.1 S o lu b i l ity  o f  c h ito sa n  and  a c y la te d  c h ito sa n s  (Z o n g  et a i ,  2 0 0 0 )

S o lu b ility

C O

ชXบ

( N

ฮ
( N

บ

' OX
V Oบ

C O5
V Oบ Py

rid
ine

TH
F

Di
ox

an
e

DM
F

DM
Ac

DM
SO

C h ito sa n

H -c h ito sa n + + + ± ± ± A A A A

D -c h ito sa n + + ± ± + ± A A - -

L -c h ito sa n + + ± ± ± ± A A - -

N o te :  +  ะ d is s o lv e d  e a s i ly , ±  : d is s o lv e d , A : s w e l l in g , -  : n o t  d is s o lv e d

2 .2 .3  P o ly m e r  B le n d
B le n d in g  is  an e s p e c ia l ly  im p o rtan t p r o c e s s  fo r  d e v e lo p in g  industrial 

a p p lic a t io n s  o f  p o ly m e r ic  m a ter ia ls  and c o m p a tib ility  a m o n g  c o m p o n e n ts  has a 
m ark ed  in f lu e n c e  o n  th e  p h y s ic a l p ro p er tie s  o f  p o ly m e r  b le n d s  (F o lk e s  and H ope, 
1 9 8 5 ). T h ro u g h  a su ita b le  c h o ic e  o f  a p air o f  p o ly m e r s , p o ly m e r  b le n d s  ca n  o ften  b e  
ta ilo r -m a d e  to  h a v e  s p e c if ic  and d e s ir a b le  p ro p erties .

2.2.3.1 E ffe c t o f B lend Com position on P roperties o f  P o lym er Blends 
B le n d in g  p o ly m e r s  can  o f te n  h a v e  d e s ir a b le  e f fe c t s  on  the  

p rod u ct q u a lity . H o w e v e r , th is  ch a ra c ter is tic  is  q u ite  d e p e n d e n t  o n  th e co m p a tib ility  
.o r  m is c ib i l i t y  o f  th e  c o m p o n e n ts  w h ic h  are m a n ife s t  in  th e  c r y s ta l l iz a b ili ty  and the  

m o r p h o lo g y , a m o n g  o th er  q u a lit ie s  o f  th e  p o ly m e r . T h e  e f fe c t  that b le n d in g  h as on  
p o ly m e r  p r o p e r tie s  c a n  b e  d em o n stra ted  u s in g  se v e r a l s tu d ie s  o f  p o ly m e r  b len d s . Pitt 
et al. ( 1 9 9 2 )  rep o rted  that th e  h y d r o ly s is  rate, w a te r  c o n te n t, an d  p erm ea b ility  
c o e f f ic ie n t  o f  th e  b le n d s  from  (5 0 /5 0 )  p o ly ( D L - la c t id e - c o - g ly c o l id e )  [P (D L L A -G A )]  
and  w a te r - in s o lu b le  p o ly (v in y l  a lc o h o l)  (P V O H ) in c r e a se d  w ith  a r ise  in  P V O H  
co n te n t, th e y  c o n c lu d e d  that P (D L L A -G A )  an d  P V A  w e r e  m is c ib le  w h e n  the  
P (D L L A -G A )  c o n te n t  w a s  sm a lle r  than  3 0 w t.% . N ije n h u is  et al. ( 1 9 9 6 )  s tu d ied  the
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c h a n g e  in  th e  m e c h a n ic a l and  s w e l l in g  p ro p er tie s  o f  p o ly (L - la c t id e )  (P L L A ) u p on  the  
a d d itio n  o f  a s m a ll  a m o u n t o f  w a te r -so lu b le  p o ly e t h y le n e  o x id e )  (P E O ) up to 2 0  
w t.% . R e c e n t ly , S h e th  et al. ( 1 9 9 7 )  fo u n d  that th e  w e ig h t  lo s s  rate o f  P L L A  b y  
e n z y m a tic  h y d r o ly s is  w a s  s ig n if ic a n t ly  in c r e a se d  b y  th e  a d d it io n  o f  a sm a ll am ount  
o f  w a te r -s o lu b le  P E O .

2 .2 3 .2  E ffect o f  Solvent on Properties o f  P o lym er B lends
E v e n  th o u g h  a la rge  n u m b er  o f  s tu d ie s  o n  so lu tio n -c a st  

p o ly m e r  b le n d s  are a v a ila b le  in  th e  o p e n  literatu re, o n ly  lim ite d  n u m b er are 
d e d ic a te d  to  s tu d y  th e  e f fe c t  o f  c a s t in g  s o lv e n t  o n  p ro p er tie s  o f  th e  r e su lt in g  b len d s. 
B a n k  et al. ( 1 9 7 1 )  s h o w e d  that f i lm s  o f  p o ly s ty r e n e  (P S ) /p o ly ( v in y l  m e th y l ether) 
(P V M E ) b le n d s  ap p ea red  to b e  c o m p a tib le  w h e n  e ith er  to lu e n e  or b e n z e n e  w a s  used  
as th e  c a s t in g  s o lv e n t , and th e y  ap p eared  to b e  in c o m p a tib le  w h e n  either  
tr ic h lo r o e th y le n e  or  c h lo r o fo r m  w a s  u sed . A sa le th a  et al. ( 1 9 9 5 )  rep orted  that the  
nature o f  th e  c a s t in g  s o lv e n t  had  a p ro fo u n d  e f fe c t  o n  th e  c o m p a t ib ility  b eh a v io r  o f  
n atural ru b b er (N R ) /p o ly s ty r e n e  (P S )  b le n d s  c o m p a tib iliz e d  b y  N R -g -P S .  
R a d h a k rish n a n  an d  V e n k a ta c h a la p a th y  ( 1 9 9 6 )  sh o w e d  that th e  c h o ic e  o f  th e  ca stin g  
s o lv e n t  u se d  ( e .g . d ic h lo r o m e th a n e , te trah yd rofu ran , and  to lu e n e )  to  p rep are the  
b len d  f ilm s  o f  p o l y e t h y le n e  o x id e )  (P E O ) and  p o ly (m e th y l m e th a c r y la te )  (P M M A )  
n o t o n ly  a f fe c te d  th e  c o m p a tib ility  o f  th e  r e su lt in g  f ilm s , b u t a lso  th e  c ry sta lliza tio n  
o f  P E O .

A ls o  w o r k in g  w ith  P E O /P M M A  b le n d s , L iau  and  C h ang  
( 2 0 0 0 )  s h o w e d  that P E O /P M M A  b le n d s  w e r e  m is c ib le  w h e n  e ith er  b e n z e n e  or  
c h lo r o fo r m  w a s  c h o s e n  as th e  c a s t in g  s o lv e n t  an d  that c r y s ta l l iz a t io n  o f  P E O  w a s  
fou n d  to  b e  m o r e  su p p r e sse d  w h e n  c h lo r o fo r m  w a s  s e le c te d . In b le n d s  o f  p o ly (v in y l  
a c e ta te )  ( P V A )  an d  P E O , พ น  et al. ( 1 9 9 7 )  rep orted  that th e  r e su lt in g  b le n d s  w ere  
m is c ib le  w h e n  b e n z e n e  w a s  u se d  as th e  c a s t in g  s o lv e n t  and  that c r y s ta lliz a tio n  o f  
P E O  w a s  m o r e  e a s i ly  su p p r e sse d  w h e n  b e n z e n e  w a s  in s te a d  u se d , a s  e v id e n c e d  b y  
th e  fact th at th e  in te r a c tio n  p ara m eter  o f  b e n z e n e -c a s t  f i lm s  s h o w e d  a greater  
n e g a tiv e  v a lu e  th a n  that o f  c h lo r o fo r m -c a s t  o n e s . T a n g  and  L iau  ( 2 0 0 0 )  s tu d ied  the  
e f fe c t  o f  c a s t in g  s o lv e n t  (e .g . a c e to n e , tetrah yd rofu ran , iso p r o p y l a c e ta te , « -b u ta n o l, 
or  c y c lo h e x a n o n e )  o n  m o r p h o lo g y  and  p ro p er tie s  o f  p o ly (4 -h y d r o x y s ty r e n e )  and  
P E O  b le n d s  an d  rep orted  that, r e g a r d le ss  o f  th e  s o lv e n t  ty p e , th e  b le n d s  w ere
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m is c ib le  as e v id e n c e d  b y  a s in g le  g la ss  tra n sitio n  tem p era tu re  o b se r v e d  and that 
c r y s ta lliz a tio n  o f  P E O  w a s  m o re  su p p ressed  w h e n  e ith e r  tetrah yd rofu ran  or 
c y c lo h e x a n o n e  w a s  u se d  as th e  c a s t in g  so lv e n t.

2 .2 .4  E le c tr o sp in n in g  o f  P o ly m e r s
T h e  e le c tr o sp in n in g  p r o c e ss , in v e n te d  b y  F o r m h a ls  ( 1 9 3 4 ) ,  w a s  stu d ied  

in  d e ta il p a r tic u la r ly  b y  R e n e k e r  and c o w o r k e r  ( D o s h i,  1 9 9 4 ; D o s h i an d  R en ek e , 
1 9 9 5 ; R e n e k e r  et a l  2 0 0 0 )  as w e l l  as b y  V a n c s o  and  c o w o r k e r s  (J a e g e r  et a l ,  1998 )  
d u rin g  th e  la st  d e c a d e . It h a s b e e n  fou n d  that th e  f ib er  d ia m e te r  c a n  b e  con tro lled  
w ith in  a b roa d  ra n g e  d o w n  to a fe w  ten s  o f  n a n o m e te r s  b y  p ro p er  s e le c t io n  o f  
p r o c e s s in g  p a ra m eters .

In th e  e le c tr o sp in in g  p r o c e ss  o f  p o ly m e r  s o lu t io n , s o lv e n t  is  o n e  o f  the 
m a in  co n tr ib u to r  for  s o lu t io n  p ro p erties , e .g . c o n d u c tiv ity . W ater , a g o o d  so lv e n t  for  
p o ly (e th y le n e  o x id e )  (P E O ), h as b e e n  s u c c e s s fu l ly  u se d  in  th e  e le c tr o sp in n in g  
p r o c e s s  o f  P E O  (F o n g  et a l ,  19 99 ; Ja eger  et al., 1 9 9 6 ; S h in  et a l., 2 0 0 1 ) . W hen  
e th a n o l w a s  a d d e d  to  w a ter  to atta in  m ix e d  s o lv e n t  s y s te m s , th e  d ia m eters  o f  the  
e le c tr o sp u n  P E O  fib ers  b e c a m e  b ig g e r  and  th e  b e a d e d  fib e r s  ea r lier  ob serv ed  
d isa p p ea red  (F o n g  et a l ,  1 9 9 9 ). T h e  rea so n  w a s  c la im e d  to  th e  re d u c tio n  o f  ch arge  
d e n s ity  carr ied  b y  a  ch a rg ed  je t  and th e  in c r e a se  in  v i s c o s i t y  and  ev a p o r a tio n  rate o f  
th e  m ix e d  s o lv e n t , r e s p e c t iv e ly . D im e th y lfo r m a m id e  (D M F )  w a s  s u c c e s s fu lly  used  
as a s o lv e n t  for  th e  e le c tr o sp in n in g  o f  p o ly a c r y lo n itr i le  (B u c h k o  et a l ,  1 9 9 9 ) and  
p o ly u r e th a n e u r e a  c o p o ly m e r  (D e m ir  et a l ,  2 0 0 2 );  w h e r e a s , for b io d eg ra d a b le  
p o ly (p -d io x a n o n e -c o -L - la c t id e ) -b lo c k -p o ly (e th y le n e  g ly c o l)  c o p o ly m e r , a m ix ed  
s o lv e n t  o f  d ic h lo r o m e th a n e  and D M F  h ad  to  b e  e m p lo y e d  (B h a tta ra i et a l ,  2 0 0 4 ). 
S o lv e n ts  w ith  h ig h  v a p o r  p ressu res, e .g . c a r b o n d isu lf id e  ( 0 ร 2),. h a v e  b e e n  d isc u sse d  
as th e  c a u s e  o f  th e  o b se r v e d  n a n o p o ro u s  m o r p h o lo g y  o f  e le c tr o sp u n  p o ly sty r e n e  
fib ers  (M e g e ls k i  et a l ,  2 0 0 2 ) .  T r ich lo ro m eth a n e  or  c h lo r o m e th a n e  w a s  fo u n d  to b e  
th e  b e s t  s o lv e n t  for  p r o d u c in g  h ig h ly  tex tu red  p o ly (m e th y l m e th a c r y la te )  fibers  
(M e g e ls k i  et a l ,  2 0 0 2 ) .  O n  th e  b a s is  o f  th e se  ea r lier  rep orts , a fu n d a m en ta l stu d y in  
p u rsu it o f  s im p le  cr iter ia  for  so lv e n t  s e le c t io n  is  n e e d e d  to  o b ta in  fib e r s  w ith  desired  
m o r p h o lo g ic a l ch a r a c te r is tic s .

T h e  u s e  o f  p o ly m e r  n a n o fib e r s  for  b io m e d ic a l  a p p lic a t io n s  is  another  
a c t iv e  re sea rch  area. In a recen t p u b lic a tio n , an e le c tr o s p in n in g  m e th o d  w a s  u sed  b y
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Z o n g  and  CO w o r k e r s  to  fa b r ica te  b io a b so r b a b ie  a m o rp h o u s p o ly ( D ,L - la c t ic  ac id ) and  
s e m i-c r y s ta ll in e  p o ly (L - la c t ic  a c id )  n a n o fib e r s  n o n w o v e n  m e m b r a n e s  fo r  b io m e d ic a l  
a p p lic a tio n  (X in h u a  et a l ,  2 0 0 2 ) .  T h e y  sh o w e d  that th e  f ib er  d ia m e te r  and the  
n an ostru ctu re  m o r p h o lo g y  d e p e n d e d  o n  p r o c e s s in g  p a ra m eters  su c h  as so lu tio n  
v is c o s it y  ( e .g . c o n c e n tr a t io n  and  p o ly m e r  m o le c u la r  w e ig h t ) ,  a p p lie d  e le c tr ic  f ie ld  
stren g th , s o lu t io n  fe e d in g  rate and  io n ic  sa lt a d d itio n . C o n c e n tr a tio n  and salt  
a d d itio n  w e r e  fo u n d  to  h a v e  r e la t iv e ly  larger  e f fe c t s  o n  th e  f ib e r  d ia m e te r  than that 
o th er  p a ra m eters . A  s tu d y  o n  th e fa b r ica tio n  o f  a s c a f fo ld  b y  e le c tr o sp in n in g  
b io m e d ic a l su c h  a s  P L A , p o lv ( g ly c o l ic  a c id ), p o ly ( e th y le n e -c o - v in y l  acetate)  
(P E V A ), ty p e  I c o l la g e n , w a s  rep orted  b y  B o w lin g  et al. ( 2 0 0 1 ) .  T h e  u se o f  
e le c tr o sp in n in g  for  t is su e  e n g in e e r in g  is  a lso  an o th er  in te r e s t in g  f ie ld  o f  a p p lica tion  
o f  p o ly m e r  n a n o fib e r s . M o s t  p u b lic a tio n s  su p p ort that th e  e le c tr o sp u n  n a n ofib ro u s  
stru ctu re is  c a p a b le  o f  su p p o rtin g  c e ll  a tta ch m en t and p r o life r a tio n . L e  et al. (2 0 0 2 )  
h a v e  d e v e lo p e d  an e le c tr o sp u n  stru ctu re for t is su e  e n g in e e r in g  a p p lica tio n s ,  
c o m p o s e d  o f  p o ly ( D ,L - la c t id e - c o - g ly c o l id e )  P L G A  fib ers  r a n g in g  fro m  5 0 0  to 8 0 0  
n m  in  d ia m eter .
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